Introduction: National and professional organizations recommend oral health promotion in prenatal care to improve women's oral health. However, few prenatal programs include education about oral health promotion. The objective of this study was to determine if women receiving a brief, low-cost, and sustainable educational intervention entitled CenteringPregnancy Oral Health Promotion had clinically improved oral health compared to women receiving standard CenteringPregnancy care.
INTRODUCTION
The physiologic changes that accompany pregnancy may result in oral health problems. 1 Shifts in hormonal, immunologic, and vascular function can exacerbate gingival inflammation and increase susceptibility to periodontal disease. 2 While gingival inflammation usually subsides after childbirth, if left untreated during pregnancy, gingivitis will likely persist after pregnancy. 3 Although the literature is mixed and recent research has failed to find an association between treatment of periodontal disease and adverse birth outcomes, [4] [5] [6] oral health is associated with general health, 7 and maternal oral health can impact infant oral health through postpartum maternal-to-infant transmission of caries-causing bacteria, mutans streptococci, and lactobacilli. 8, 9 Infants mainly acquire cariogenic bacteria from mothers through saliva, 10 and mothers with high levels are more likely to transfer bacteria to infants. 9 Thus, reducing vertical transmission of cariogenic bacteria may reduce infant risk for early childhood caries, 8 an
A previous version of this research was presented in a poster at the Na- important goal because children with caries are likely to have caries as adolescents and adults. 11, 12 Despite the benefits of good maternal oral health in pregnancy, relatively few pregnant women utilize dental care, with lowest utilization among women from underserved communities. 13 However, most women in the United States receive prenatal care. 14 In 2012, the Maternal and Child Health Bureau released a landmark consensus statement to promote oral health care provision to pregnant women, emphasizing guidance for prenatal care providers, stating: "Prenatal care health professionals may be the 'first line' in assessing pregnant women's oral health and can provide referrals to oral health professionals and reinforce preventive messages." 15 In 2013, the American College of Obstetricians and Gynecologists (ACOG) issued a Committee Opinion that prenatal care providers should assess oral health and emphasize the importance of receiving dental care during pregnancy and routinely thereafter. 16 Despite guidelines, a gap persists in provider practice to include oral health in prenatal care. A recent small study of maternity care providers found that although most providers had knowledge about the mother-to-infant vertical transmission of caries-causing bacteria, fewer than 50% referred their patients for dental care or conducted oral examinations. ✦ Providing oral health education and oral hygiene skills-building curriculum within prenatal care can help improve pregnant women's oral health.
✦ Prenatal clinicians should be trained to provide oral health education and skills building within their prenatal care.
✦ If the CenteringPregnancy Oral Health Promotion intervention shows efficacy in a larger clinical trial, it could be implemented widely within group prenatal care and could positively affect the oral health of many women and their families.
only about 20% of women reported that their maternity care provider advised them to visit a dentist while pregnant, and fewer than 50% were told the importance of good oral health. 18 Those who were encouraged to see a dentist were more likely to pay attention to their oral health during pregnancy, supporting the importance of the provider's advice.
A review of prenatal oral health interventions found that very few focused on the woman, compared to the infant. 19 A few educational interventions resulted in higher rates of prenatal dental care utilization, 20 tooth brushing and flossing improvements, 21 and reduced sugar intake. 22 One study showed decreased mutans streptococci through a nutritional education intervention. 22 Only studies including a professionally applied dental treatment component assessed clinical oral health status and showed improvements. 23, 24 The present study, a nonrandomized controlled pilot trial, was conducted to test a skills-building oral health educational intervention, CenteringPregnancy Oral Health Promotion, delivered by trained CenteringPregnancy facilitators (certified nurse-midwives) and integrated into routine CenteringPregnancy prenatal sessions. The intervention has 2 modules, one maternal and one infant. The current analysis evaluated the maternal module with primary clinical oral health outcomes (changes in oral hygiene and gingival health) and secondary self-reported outcomes (oral health knowledge, attitudes [importance of oral health and self-efficacy], and behaviors).
METHODS

Setting and Sample
The study took place at 4 San Francisco CenteringPregnancy prenatal care sites during 2010 and 2011. Sites were assigned nonrandomly to intervention or control arms: one Englishand one Spanish-language site per arm. Two CenteringPregnancy sites with experienced facilitators willing to assist in the development and delivery of the interventions were selected as the intervention sites (n = 6 facilitators). Facilitators in the 2 control sites (n = 6) were not recruited because they had no study role. Patients aged 18 years and older were eligible to participate. All sites were CenteringPregnancy Site Approved, indicating fidelity to the CenteringPregnancy model. The study was approved by the University of California, San Francisco and California Pacific Medical Center institutional review boards.
CenteringPregnancy, a group care model often found in clinics serving low-income populations, emphasizes health care, interactive learning, and community building. 25 Approximately 10 women of similar gestational age comprise each group, attending 10 two-hour sessions following the ACOG schedule, led by a credentialed facilitator and a cofacilitator. Women begin each session by recording their blood pressure, weight, and gestational age, and the facilitator conducts the standard prenatal assessment. Then, the women and facilitators gather in a circle for a general check-in, facilitated discussion, and interactive activities addressing health topics relevant to the group's gestational age. While the standard CenteringPregnancy curriculum includes some mention of oral health, it is not addressed consistently.
A research associate visited the second CenteringPregnancy group session to describe study activities and recruit participants. Interested women remained after group or supplied contact information for follow-up. All women who participated in CenteringPregnancy groups in the intervention arm received the intervention as part of their CenteringPregnancy sessions; however, only recruited participants completed the study assessments.
Curriculum Development and Training
The study team, including public health dentists, a periodontist, a behavioral scientist, and CenteringPregnancy leadership and facilitators, developed the skills-based educational intervention. The intervention aligns with CenteringPregnancy principles, and the key oral health messages reflect evidence-based professional guidelines. 15 The content was evaluated as informative and acceptable by CenteringPregnancy participant focus groups. An earlier oral health curriculum, CenteringSmiles, developed by different researchers for CenteringPregnancy sites in Kentucky included dental care, oral health topics in each session, and a dental hygienist instructor. 23 CenteringSmiles was too comprehensive for broad implementation but was a helpful resource for this curriculum.
Intervention facilitators underwent a 3-hour training on intervention content and delivery including didactic information and demonstration. Tool boxes were provided that included the learning objectives, prompts, and reminder instructions for the skills-based activities. Posttraining, facilitators conducted a practice session in a nonstudy CenteringPregnancy group and received feedback on fidelity.
Implementation
Facilitators presented the maternal module during the third or fourth CenteringPregnancy session. This module has 3 discussion topics: 1) importance of maternal oral health, 2) common oral health problems, 3) the safety and importance of dental care during pregnancy and 2 hands-on activities: 1) proper tooth brushing and the 2) Eastman toothpick test, a self-test of gum health. 26 For the toothpick test, a toothpick is inserted horizontally between teeth near the gums and pressed lightly onto the gums. Resultant bleeding indicates inflammation, which should decrease with proper brushing and flossing. Participants received tool kits, including toothbrushes, fluoride toothpaste, dental floss, and a 2-minute timer for brushing, and illustrated instructions on flossing and oral health-promoting practices. At subsequent CenteringPregnancy sessions, participants performed the toothpick test at the time of completing their weight and other self-assessments in order to reinforce the importance of oral health. Each facilitator's intervention was audiotaped and evaluated for fidelity. Control participants received standard CenteringPregnancy curricula.
Maternal Assessments
Study participants completed a questionnaire and dental examination at baseline and approximately 9 weeks postintervention, outside of CenteringPregnancy sessions. The women received $20 for each questionnaire completed. More detail regarding the assessment methods is described in an earlier publication that describes the baseline oral health status for this sample. 27 The questionnaire assessed demographic information and oral health status, knowledge, attitudes (importance of oral health and self-efficacy), health literacy, and oral hygiene behaviors (tooth brushing and flossing).
Oral health status questions included: "How would you describe the condition of your 1) teeth and 2) gums?" using responses ranging from "poor" (1 point) to "excellent" (5 points).
The 12-item knowledge Likert scale responses ranged from "strongly disagree" (1 point) to "strongly agree" (5 points). The questions assessed knowledge in the following areas: 1) the importance of receiving dental care during pregnancy; 2) the normalcy of increased bleeding of gums; 3) the effects of tobacco use on gum health; 4) prevention of gum bleeding with proper brushing and flossing; 5) the safety of getting radiographs during pregnancy; 6) the recommendation to use soft-bristle toothbrushes; 7) not sharing toothbrushes with family members; 8) the role of sugary foods and drinks in forming dental decay; 9) the presence of bacteria in the mouth; 10) the role of bacteria in causing cavities; 11) the recommendation to use fluoridated toothpaste; and 12) the benefits to teeth of drinking fluoridated tap water.
The 7-item importance of oral health Likert scale responses ranged from "not at all important" (1 point) to "extremely important" (5 points) and had Cronbach's alpha reliability of .71. The questions assessed the importance of 1) brushing teeth for a healthy mouth, 2) flossing for a healthy mouth, 3) routine preventive dental care, 4) learning about proper oral health care, 5) routine professional teeth cleaning, 6) limiting sugary foods and drinks, and 7) drinking fluoridated water.
The 6-item self-efficacy Likert scale responses ranged from "not at all sure" (1 point) 1 to "extremely sure" (4 points) and had Cronbach's alpha reliability of .73. The questions assessed women's self-efficacy to 1) brush teeth twice daily, 2) floss teeth daily, 3) avoid frequent sweets, 4) attend dental visits twice annually, 5) see a dentist during pregnancy, and 6) avoid getting cavities.
Health literacy, assessed with a single item, asked how often help is needed to read written materials from a health care provider, and responses ranged from "always" (1 point) to "never" (5 points). 28 Oral hygiene behavior items included: "How often do you" 1) "brush your teeth?" (recoded to optimal brushing of at least 2 times daily vs not brushed at least 2 times daily) and 2) "floss your teeth?" (recoded to optimal flossing of daily vs not flossed daily), as recommended by the American Dental Association. 29 The questionnaire took approximately 20 minutes to complete.
Dental examinations were conducted at CenteringPregnancy sites by an experienced, trained, and licensed dentist examiner. Examinations lasted approximately 15 minutes. The measure of oral hygiene chosen was plaque level, and measures of gingival health included indices of periodontal probing resulting in gingival bleeding and gingival pocket depths probed at 4 mm or greater. These outcomes were chosen because they are responsive to changes in personal hygiene over a short time period. The Plaque Index, 30 was assessed at 4 areas per tooth for 6 teeth (maximum = 24), using 0 to 3 coding to indicate none, small, moderate, or large amount. Plaque Index scores were calculated as the mean plaque index value of observed sites.
The examination to assess gingival health included fullmouth periodontal probing of 6 gingival sites/tooth. Two outcomes were assessed at each probed site: gingival bleeding on probing and gingival pocket depth 4 mm or greater. Examiner training on the pocket depth assessment included calibration to a gold standard examiner (periodontist co-investigator). The intraclass correlation coefficient for pocket depth was 0.86. 27 
Analysis Plan
To determine the comparability of the intervention and control arms on demographic and baseline oral health factors, we conducted chi-square tests of race/ethnicity, income, education, insurance status, and past-year dental visit; and t-tests for age, health literacy, and self-reported condition of teeth and gums. Difference in differences tests, comparing the degree of change in the intervention arm to the corresponding change in the control arm, were conducted for all outcomes. For primary outcomes, linear regression models tested the difference in changes between the arms for Plaque Index, and logistic regression models tested the differences in the percentages of sites that bled on probing and sites probed at 4 mm or greater.
For secondary outcomes, linear regression models tested the difference in the changes between groups in oral health knowledge, importance of oral health, and self-efficacy. Logistic regression models tested these changes between groups in rates of optimal tooth brushing and flossing. All regression models controlled for the nested structure of the data: CenteringPregnancy sites, facilitators within sites, groups within facilitators, study participants within groups, and pre-and postoutcome measures for study participants. Cross-sectional comparisons of the intervention and control arms on outcomes at baseline and at postintervention were also performed. Analyses were conducted using SAS 9.4 software.
RESULTS
Eighty-three percent of the women recruited agreed to participate in the study (N = 101; Figure 1 ). Mean (standard deviation [SD]) age was 28.7 (5.3) years, and participants were primarily Hispanic (65%). Fifty percent had an annual income below $20,000; 52% had more than a high school education; 60% had a past-year dental visit; and 72% had either public or no dental insurance. Mean (SD) baseline values of self-reported variables included: condition of teeth, 2.6 (1.0); condition of gums (gingival health), 2.4 (1.1); and health literacy, 4.1 (1.1). There were no significant differences between the women in the intervention and control arms on baseline measures (Table 1) .
Within the intervention arm, 98% of the women received the maternal module. On average, the module lasted 18 minutes (range, 15-22 minutes). Overall, 97% of the learning objectives were delivered (range, 91%-100%). There were no significant differences between the women in the intervention and control arms in any of the outcomes at baseline. Significant differences observed between women in the intervention arm pre-to postintervention, based on the dental examination; plaque levels (F (1,75) = 27.95; P Ͻ .0001), bleeding on probing (F (1,75) = 8.88 (P Ͻ .01), and pocket depths 4mm or greater (F (1,75) = 23.95; P Ͻ .0001), indicated improvements on all 3 primary outcomes ( Table 2 ). The women in the intervention arm showed a slight improvement in the self-reported importance of oral health compared to the control arm (F (1,92) = 4.92; P Ͻ .05), but there were no other differences in assessments of knowledge, self-efficacy, optimal brushing, or flossing (Table 2) . 
DISCUSSION
This study found that facilitator-led, brief, skills-based oral health promotion within prenatal care improved maternal oral health: reduced plaque, gingival bleeding, and pocket depths 4 mm or greater. These preliminary pilot results are the first, to our knowledge, to show clinically determined oral health improvements during pregnancy following an educational intervention. Given the evidence that oral health problems increase during pregnancy, 1 these significant oral health improvements, found across a relatively short time, suggest that some problems can be mitigated through promoting oral health in prenatal care.
The modest but significant improvements in Plaque Index and gingival measures indicate that women in the intervention arm improved their oral hygiene. Baseline measures of bleeding on probing and pocket depths 4 mm or greater were somewhat, but not significantly, higher in the intervention than the control arm; thus, it is possible that there was more room for improvement in the intervention arm. While some studies that included dental treatment have shown improved clinical oral health during pregnancy, 23, 24 to our knowledge, there are no published educational interventions without dental treatment that have assessed clinical oral health with which to compare these findings. Other prenatal educational oral health interventions have resulted in improved knowledge, care utilization, or oral hygiene [20] [21] [22] and decreased mutans streptococci following a nutrition education intervention. 22 In light of the significant improvements in oral hygiene and gingival measures, our finding that self-reported tooth brushing and flossing did not increase significantly in the intervention arm was unexpected. However, at baseline, about 90% of the sample reported brushing their teeth at least 2 times daily, leaving little room for improvement at followup. Further study is needed to develop self-report measures of the thoroughness of brushing and flossing that may affect outcomes. The finding that oral health knowledge did not increase in the intervention arm may be explained by high baseline scores on knowledge, which would make postintervention increases less likely.
Despite the intervention's positive impact on women's oral health, the findings must be viewed as preliminary because they are derived from a small pilot study using a nonrandomized design. A larger randomized controlled trial that addresses these limitations is needed to confirm the intervention's efficacy. This intervention could possibly be adapted and tested for other prenatal care groups or traditional prenatal care. If prenatal care programs could not provide the oral health supplies utilized in this study, the women could bring their own toothbrushes for the tooth brushing activity and toothpicks could be provided at a minimum. Future studies could assess the effects of the educational component alone.
CONCLUSION
While it is ideal for pregnant women to receive dental care, these results suggest that prenatal care clinicians can provide integrated oral hygiene education and practice into their care that can enhance important skills for all women, particularly for those in low-income communities who lack access to dental care. As a facilitator-led, brief, low-cost, effective, and sustainable prenatal oral health intervention, the CenteringPregnancy Oral Health Promotion intervention has the potential to achieve this. Integrated into a group prenatal care setting and delivered by prenatal care facilitators, the intervention is consistent with current perinatal oral health guidelines 15 and the Institute of Medicine's recommendation to train and deploy nondental health care clinicians to provide oral health services to vulnerable populations. 31 These findings provide support for developing a full-scale randomized clinical trial of this intervention. If it were to show efficacy in a clinical trial, it could be implemented within CenteringPregnancy groups nationwide, reaching large populations at an important time in their family's life course. 
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